Study Objectives: To simultaneously explore the associations between mortality and insomnia, sleep duration, and the use of hypnotics in older adults. Design: A fixed cohort study. Setting: A community in Shih-Pai area, Taipei, Taiwan. Participants: A total of 4,064 participants over the age of 65 completed the study. Intervention: N/A. Measurements and Results: Insomnia was classified using an exclusionary hierarchical algorithm, which categorized insomnia as "no insomnia," "subjective poor sleep quality," "Pittsburgh Sleep Quality Index > 5 insomnia," "1-month insomnia disorder," and "6-month insomnia disorder." The main outcome variables were 9-year all-cause mortality rates. In the all-cause mortality analyses, when hypnotic use, depressive symptoms and total sleep time were excluded from a proportional hazards regression model, subjects with "Pittsburgh Sleep Quality Index > 5 insomnia" had a higher mortality risk (HR: 1.21, 95% CI: 1.01-1.45). In the full model, frequent hypnotic use and long sleep duration predicted higher mortality rates. However, the increased mortality risk for subjects with "Pittsburgh Sleep Quality Index > 5 insomnia" was not observed in the full model. On the contrary, individuals with a 6-month DSM-IV insomnia disorder had a lower risk for premature death (HR: 0.64, 95% CI: 0.43-0.96). Conclusions: Long sleep duration and frequent hypnotics use predicted an increased mortality risk within a community-dwelling sample of older adults. The association between insomnia and mortality was affected by insomnia definition and other parameters related to sleep patterns. Keywords: Insomnia, sleep duration, sleep pattern, older adults, use of hypnotics Citation: Chen HC; Su TP; Chou P. A nine-year follow-up study of sleep patterns and mortality in community-dwelling older adults in Taiwan.
INTRODUCTION
Sleep disturbance is a prevalent health problem that has substantial consequences for older adults. 1, 2 Longitudinal studies have shown that sleep difficulties predict several adverse health outcomes. [3] [4] [5] [6] [7] The quality and quantity of sleep have been associated with coping ability, timely engagement with activities, and resilience in the face of adversity 8 ; and these outcomes are often indicative of successful aging. Therefore, it is important to examine the factors that influence sleep quality and health outcomes among older adults. However, the risk predictors identified within older adult samples seem to differ from those of the general population.
Predictors of the association between sleep patterns and mortality have been summarized within three dimensions: insomnia, sleep duration, and use of hypnotics. Evidence for the link between sleep duration and mortality is consistent and robust. Meta-analytic studies have observed that both longer and shorter sleep durations are related to increased mortality. 9, 10 In contrast, the association between insomnia and mortality is not as conclusive. Increased risk, [11] [12] [13] [14] [15] no association, [15] [16] [17] [18] [19] [20] [21] [22] and even decreased risk of mortality 19, 23 have been reported among sub- jects with insomnia. Specifically, among studies using older adult samples, one study has revealed a gender-specific association between insomnia and elevated risk for mortality 12 ; most other studies do not observe this relationship. 17, [19] [20] [21] [22] Similarly, although some studies report that the use of hypnotics predicts a significant risk for mortality, 13, 18, [23] [24] [25] [26] this trend is unusual in older adult samples. 12, 15, 17, 20 Thus, divergent associations between sleep parameters and mortality suggest a necessity for research examining these relationships in older adults.
STUDY OF INSOMNIA AND MORTALITY IN COMMUNITY-DWELLING ELDERLY
Inconsistent definitions of sleep parameters, difficulty in identifying confounds, and difficulty in determining causality underlie the discrepant associations between sleep patterns and mortality. 27 Although the National Institute of Health has encouraged specific research efforts that apply well-defined diagnostic criteria for insomnia in sleep studies, 28, 29 no longitudinal epidemiological studies have examined the association between the risk of mortality and the various definitions of insomnia. Additionally, although sleep parameters are interrelated, short sleep duration is not equivalent to insomnia, long sleep duration is not equivalent to good sleep, and taking hypnotics is not equivalent to poor sleep. 23, 30 This suggests that insomnia, sleep duration, and use of hypnotics are not necessarily co-linear but could confound each other. The inclusion of all potential predictors related to specific sleep patterns might help to illustrate each parameter's specific relationship with mortality.
Certain longitudinal studies have taken into account the independent effects of insomnia, sleep duration, and hypnotics within the same investigation. 12, 13, 15, 17, 18, 23, 26 Among these studies, only a few have included older adult samples. 12, 17 Therefore, the present study investigated how insomnia, sleep duration, and hypnotics predicted mortality in a community-dwelling sample of older adults. Furthermore, insomnia classification was defined a priori in order to examine whether a differential relationship exists between insomnia and mortality.
METHODS

Study Site and Participants
This study is part of the Shih-Pai Sleep Study, which is a community-based, fixed cohort study. The study cohort was established in the Shih-Pai area of Taipei, Taiwan. Eligible participants were identified from the government household registration system. According to the 1999 official resident registration database, 9,141 residents over the age of 65 years lived in the Shih-Pai area. Excluding 523 institutionalized older adults, 175 who died before an interview could be conducted, and 1,292 vacant households, there were 7,151 eligible subjects. After door-to-door interviews, 1,255 eligible subjects were not contacted for the required 3 visits, and 1,832 refused to be interviewed. Thus, 4,064 subjects completed the interview process between 1999 and 2002. The response rate was 56.8%. The institutional review board of Taipei Veterans General Hospital approved this study.
Mortality Data
The dependent variable of interest was the occurrence of death between the initial interview and December 31, 2008 . Nine-year mortality data, which provide the major cause and date of death but not time of death, were acquired from the national death registry of the Department of Health, Taiwan. Causes of death were classified by the International Classification of Disease, 9th Revision, Clinical Modification (ICD-9). The follow-up period included the time from the date of the initial interview until the date of death or the end of this study (December 31, 2008) . Deaths related to neoplasm (ICD-9 codes 140-208), cardiovascular disease (ICD-9 codes 390-459), and pulmonary disease (ICD-9 codes 460-519) were specified for cause-specific analyses.
Social Demographic Data, Lifestyle, and General Medical History
In addition to basic demographic data, information regarding history of cigarette smoking, alcohol consumption, and medical illness was also collected. If a subject's poor physical condition precluded cooperation with data collection procedures, height and weight were coded as missing values. History of medical illness was obtained with a checklist that screened for hypertension, diabetes mellitus, cardiovascular diseases, stroke, and gouty arthritis. Data on cancer were not collected. Medical illness was coded only for subjects who confirmed a history of diagnosis and treatment for one of the above ailments. Pain was assessed with a single-item question that asked about pain severity over the past month. Severity was rated as "none," "mild," "moderate," and "severe." Those who responded with moderate or severe were coded as experiencing significant pain. Depressive symptoms were evaluated using the Geriatric Depression Scale-Short Form. 31, 32 Subjects with scores ≥ 5 of 15 questions were considered to have significant depressive symptoms. Daytime sleepiness was assessed by asking participants their propensity for sleeping in the daytime after an adequate night's sleep. Responses were rated as "not at all," "mild," "moderate," or "severe." Responses of moderate or severe were coded as experiencing significant daytime sleepiness. Subjects reported habitual snoring as "none," "mild," "moderate," or "severe." Subjects responding with moderate or severe were defined as prominent and disturbing snorers, respectively.
Nighttime Sleep Pattern
The parameters of sleep patterns (i.e., insomnia and sleep duration) were investigated using specific questions and items obtained from the Pittsburgh Sleep Quality Index (PSQI). The cutoff for PSQI-defined poor sleep quality was a score > 5.
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Exclusionary Hierarchical Algorithm to Classify Insomnia Categories
Insomnia was classified into 5 mutually exclusive categories defined by an a priori exclusionary hierarchical algorithm. According to the frequency of symptoms, daytime repercussions, and duration of symptoms, insomnia was classified as "no insomnia," "subjective poor sleep quality," "PSQI > 5 insomnia," "1-month insomnia disorder," and "6-month insomnia disorder," respectively. Subjective sleep quality was evaluated through an item of the PSQI asking participants how they would rate their sleep quality overall during the past month. Responses of "fairly bad" and "very bad" were coded as "subjective poor sleep quality." Subjects with total PSQI scores > 5 were classified as PSQI > 5 insomnia. If subjects' sleep complaints met DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, IV) 34 criteria for insomnia disorder, they were defined as having insomnia disorder regardless of their PSQI scores. Along with the establishment of DSM-IV insomnia disorder, if subjects' sleep disturbances had lasted ≥ 6 months and they reported no intervals of symptom-free sleep lasting > 1 month within the past 6 months, then 6-month insomnia disorder was confirmed. All other cases that met the DSM-IV insomnia disorder criteria for < 6 months were classified as 1-month insomnia disorder.
The principle behind utilizing item combinations of the PSQI to make a DSM-IV diagnosis of insomnia disorder has been reported in a previous study. 35 PSQI items are divided into a cluster of nighttime symptoms and a cluster of poor sleep quality/ daytime functional impairment. To satisfy the diagnostic criteria for DSM-IV insomnia disorder, subjects must experience ≥ 1 nighttime symptom with a frequency ≥ 3 times per week. In addition to the criterion involving cluster 1, subjects must score 3 or 4 out of 4 severity classes on any item from cluster 2. The cluster definitions are as follows: Each symptom must occur ≥ 3 times per week to qualify for cluster 1.
Cluster 2
(a) Poor subjective sleep quality (scoring 3 or 4 among the 4 severity levels) or (b) At least a moderate degree of daytime dysfunction in mood, work efficiency, or daily activities (scoring 3 or 4 among the 4 severity levels)
Use of Hypnotics
The frequency of use of hypnotics was quantified on the basis of an additional question not derived from the PSQI. It specifically inquired "During the last 4 weeks, on how many nights did you use sedatives/hypnotics to help fall sleep?" Subjects who reported ≥ 21 instances of use of sedatives/hypnotics within the specified period were identified as "frequent hypnotic users."
Sleep Duration
Sleep duration was estimated from responses to the following self-report question: "During the past month, how many hours of actual sleep did you get at night?" Sleep duration was categorized in 1-h units. All responses were rounded down to the nearest whole digit. For comparison with other studies, we chose a sleep duration of 7 hours as our reference category.
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Statistical Analysis
Mortality rates were estimated using the person-time method. Hazard ratios (HRs) were estimated using Cox proportional hazards regression. A formal test of the proportional hazards assumption was also performed using Schoenfeld residuals. The results are presented as crude and adjusted hazard ratios with 95% confidence intervals (CI). The minimum statistical significance level for all analyses was P < 0.05. In addition to the main predictors of sleep pattern (insomnia, sleep duration, and use of hypnotics), another 17 covariates were included in the full model (Cox regression) to control for potential confounding effects. Another 4 Cox regression models were conducted with the predictors of insomnia, depression, use of hypnotics, and sleep duration added stepwise to illustrate the mutual relationships between various categories of insomnia and other major predictors. In our analysis of the determinants of cause-specific mortality, subjects who died of other causes were treated as censored observations. Despite controlling for many potential confounds, it is possible that undiagnosed diseases or underlying health conditions could cause both sleep disturbance and eventual death. 40 This problem may result in reverse causality and bias the estimate of the association between sleep patterns and mortality. 38, [41] [42] [43] The exclusion of decedents (those who died in the first 2 years after the initial assessment) reduces the risk of reverse causality. 44 After excluding decedents from the first 2-year post-baseline assessment, the present study addressed this issue by establishing 2-year lag models that repeated all multivariate Cox regression analyses for all causes of mortality.
RESULTS
The average age of the study cohort at baseline assessment was 73.8 (SD 5.7) years. During the follow-up period, a total of 1,004 deaths occurred, making an overall mortality rate of 24.7%. The average follow-up period was 7.0 (SD 2.1) years, with a total 28,474 person-years observed. There were no significant differences between the participants and the registered 1999 data on the entire population aged ≥ 65 years throughout Taipei city in terms of age (χ 2 = 3.49, df = 1, P = 0.06) or gender (χ 2 = 2.01, df = 1, P = 0.16). Significant depressive symptoms were observed in 9.8% of the subjects. According to our definition of insomnia, 19.9% of participants could be classified into at least one category of insomnia. A total of 5.9% of subjects had DSM-IV insomnia disorder, and two-thirds of these subjects (67.8%) had 6-month insomnia disorder. In total, 12.3% of the subjects had used sedatives/hypnotics to help them fall asleep in the last 4 weeks, and 7.3% were defined as "frequent hypnotic users (≥ 21 days/4 weeks)." The average nighttime sleep duration was 6.3 h (SD 1.5). In total, 52.5% of subjects reported sleeping 6-7 h per night (Table 1) . Table 2 shows comparisons of PSQI scores among various definitions of insomnia. The omnibus tests for between-group comparisons of the total scores and 7 subscores were all significant (all Ps < 0.001). In terms of post hoc comparisons, all classifications of insomnia differed from each other in total scores (all Ps < 0.001). Subjects with insomnia disorder scored higher than those with PSQI > 5 insomnia within all other subscores. However, this trend was not observed among scores derived from components of sleep duration and efficiency. Specifically, older adults with PSQI > 5 insomnia had the worst sleep efficiency. Among subjects with DSM-IV insomnia disorder, except for the subscore related to the use of sleep medication, there were no significant differences with respect to subscores between subjects with 1-month and 6-month insomnia disorder. In addition, before applying the exclusionary hierarchical algorithm, 18.0% of subjects scored ≥ 6 on the PSQI. Among subjects with 1-month and 6-month insomnia disorder, 98.5% and 98.0% reached that score threshold, respectively. Conversely, of those who scored > 5 on the PSQI, only 9.3% and 20.5% of subjects satisfied the definitions of 1-month and 6-month insomnia disorder, respectively ( Table 2) . Figure 1 illustrates the interrelated distribution between insomnia, sleep duration, and the use of hypnotics in our sample. Panel A reveals that only subjects with subjective poor sleep quality tend to sleep longer (40.8% sleep ≥ 8 h per night). About half of the older adults (52.0%-54.8%) with insomnia disorder reported ≤ 4 h of sleep per night. Panel B suggests that among the older adults who were frequent hypnotic users (≥ 21 days/4 weeks), 50.7% of the older adults reported being free from insomnia. However, 49.3% met various criteria for insomnia categories; 50.5% of these subjects met the stringent criteria for DSM-IV insomnia disorder. Panel C shows that 38.1% of subjects slept < 6 h per night despite their frequent use of hypnotics. In contrast, only 5.2% of frequent hypnotic users slept ≥ 9 h per night with the assistance of hypnotics. Table 3 compares the differences in demographic data and clinical features between the 5 categories of insomnia. Older adults with insomnia, regardless of classifications, tended to be women (50.0%-61.0%). The age distribution did not differ significantly across various definitions of insomnia (P = 0.61). Subjects with insomnia-either PSQI > 5 insomnia or insomnia disorder-were prone to reporting pain, depressive symptoms, hypertension, cardiovascular diseases, and stroke. Compared with subjects without insomnia, those with insomnia disorder were more likely to sleep for shorter lengths of time and frequently use hypnotics (16.9%-37.9%). Table 4 shows the crude and adjusted hazard ratios for various predictors. Except for variables related to BMI, hypertension, and insomnia, significant predictors were similar across the unadjusted and adjusted HRs. In the full model, when compared with those without insomnia, subjects with PSQI > 5 insomnia had a marginally significant elevated mortality risk (HR: 1.24, 95% CI: 0.98-1.55, P = 0.07). In contrast, people with 6-month insomnia disorder had a lower mortality risk (HR: 0.64, 95% CI: 0.43-0.96). Frequent hypnotics users had an increased mortality risk (HR: 1.37, 95% CI: 1.09-1.73). In comparison with subjects from the reference group (sleep duration: 7 h), older adults who slept 8 h (HR: 1.26, 95% CI: 1.04-1.53) or ≥ 9 h (HR: 1.66, 95% CI: 1.28-2.17) had a higher mortality risk. No significant elevated mortality risk was found among subjects who slept for short durations. Table 5 summarizes the HR change after inclusion of different predictors for all causes of mortality. After major confounding factors other than depression, use of hypnotics, and sleep duration were controlled for, Model 1 showed that subjects with PSQI > 5 insomnia (rather than those with insomnia disorder) had an increased mortality risk (HR: 1.21, 95% CI: 1.01-1.45); this was comparable to the crude HR. Once depression (Model 2) or use of hypnotics (Model 3) were included as covariates, the increased mortality risk for subjects with PSQI > 5 insomnia was no longer significant, and people with 6-month insomnia disorder turned out to have a lower risk of mortality. Of the variables included in the full model, only sleep duration was not included in Model 4. The predictive patterns between insomnia and hypnotics use with all causes of mortality were similar with the HR of the full model. In contrast, Model 5 showed that the inclusion of sleep duration, but not depression and use of hypnotics, maintained the increased mortality risk for subjects with PSQI > 5 insomnia featured in Model 1. The comparison between Models 4 and 5 and the full model indicated that the elevated mortality risk among subjects with PSQI > 5 insomnia was significantly affected by depression and use of hypnotics rather than sleep duration. The reverse causality analysis indicated that the increased mortality risk for subjects with PSQI > 5 insomnia in Model 1 was attenuated (HR: 1.22, 95% CI: 0.99-1.50, P = 0.06), but all the other significant effects remained within the 2-year lag models.
As for the cause-specific analyses, older adults with 6-month insomnia disorder had a lower risk of dying from neoplasm (HR: 0.32, 95% CI: 0.13-0.78). In contrast, a sleep duration ≥ 9 hours and frequent use of hypnotics predicted increased mortality risk from cardiovascular (HR: 2.36, 95% CI: 1.46-3.80) and pulmonary (HR: 2.56, 95% CI: 1.38-4.72) diseases (Table 6) .
DISCUSSION
The present study provides important insights to help explain inconsistent findings in the literature regarding the relationship between sleep patterns and mortality. We were able to assess this relationship with a large sample, which allowed for the inclusion of a variety of potential confounding variables. Since few studies have simultaneously assessed the effects of insomnia, sleep duration, and use of hypnotics, the present study provides a significant contribution to the literature. Additionally, we were able to examine the differential impacts of various definition of insomnia. Our findings support the advantage of classifying insomnia through an a priori-defined, exclusionary hierarchical algorithm. This approach not only helps to clarify inconsistent findings between insomnia and mortality, but also identifies priority groups that should be targeted for interventions. To our knowledge, only one other study has used this method to examine the moderating role of age on the correlates of insomnia.
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Prevalence of Insomnia
In the present study, 18.0% of the subjects scored > 5 on the PSQI, and 5.9% met the criteria for DSM-IV insomnia disorder. In the literature, 8% to 18% of community-dwelling subjects were dissatisfied with their sleep, and 6% had DSM-IV insomnia diagnoses.
1 Besides, the prevalence of insomnia symptoms generally increases with age, while the rates of sleep dissatisfaction and diagnosis of sleep disorders vary little with age. 1 Therefore, the prevalence rates of poor sleep quality (scores > 5 on the PSQI) and DSM-IV insomnia disorder observed in the present study are compatible with those reported in the literature. Interestingly, only 29.8% of the older adults who scored > 5 on the PSQI met the DSM-IV criteria for insomnia diagnoses. The poor correlation between scoring > 5 on the PSQI and DSM-IV diagnosis of insomnia disorder may reflect differences in definitions between these two constructs. The stringent frequency quantifier and the requirement for request of the daytime repercussions differentiates those who only scored > 5 on the PSQI from those who concurrently met the DSM-IV criteria for insomnia disorder. Although 50.7% of the frequent hypnotic users met no classification criterion for insomnia and may have found the medication to be efficacious, 49.3% of the frequent users still suffered from insomnia and met the criteria for one of the insomnia categories. Furthermore, nearly half of these older adults still had DSM-IV insomnia disorder. This finding suggests that older adults who frequently take hypnotics to fall asleep may not be satisfied with their resulting sleep quality or may experience prominent residual symptoms. Because sleep *Global PSQI scores before applying the exclusionary hierarchical algorithm. § Post hoc comparisons of pairs of insomnia categories with Bonferroni adjustment: significant differences among insomnia categories were found in total scores and subscale scores except for Subjective sleep quality: 6-mID vs. disturbances in older adults are usually multifactorial in etiology, no treatment can be expected to be adequate without a comprehensive evaluation and treatment strategy tailored to the needs of the individual patient. 46 
Insomnia and Mortality
In the present study, depressive symptoms and use of hypnotics attenuated the association between PSQI > 5 insomnia and mortality. Paradoxically, insomnia disorder correlated more closely with depressive symptoms and frequent use of hypnotics than did PSQI > 5 insomnia. Controlling for the effects of depressive symptoms and hypnotics should reduce the mortality risk among those with 6-month insomnia disorder. This suggests that depressive symptoms and the use of hypnotics might act as confounds or intermediate variables that spuriously magnify the mortality risk among those with PSQI > 5 insomnia. Conversely, these variables might counterbalance the effect of mortality risk among those with 6-month insomnia disorder. This finding implies inherent differences in the associations between various categories of insomnia and mortality. Thus, the nature of this heterogeneous relationship deserves further discussion.
First, this heterogeneous relationship might originate from differential risks of specific insomnia complaints. By dissecting subscores on the PSQI, we found that the worst level of sleep efficiency differentiates PSQI > 5 insomnia from subjective poor sleep quality and insomnia disorder. Evidence from polysomnography studies also supports the increased mortality risk associated with poor sleep efficiency.
11 Thus, this heterogeneous relationship might stem partly from the differences in symptom profiles among various categories of insomnia.
Second, the population of older adults with short-term insomnia might differ in some aspects from those with chronic insomnia. Among the subjects with insomnia disorder, more than 98% scored > 5 on the PSQI. In other words, in addition to PSQI scores, another major difference between PSQI > 5 insomnia and 6-month insomnia disorder should be the duration of severe insomnia. In light of our stringent definitions, the older adults with 6-month insomnia disorder might have experienced sleep issues even at younger ages. In contrast, subjects with PSQI > 5 insomnia might represent a group that developed new sleep issues at older ages. In terms of chronicity, 6-month insomnia disorder is similar to prevalent insomnia, and PSQI > 5 insomnia is closer to incident insomnia. Therefore, prevalent insomnia and incident insomnia are fundamentally different from each other. Compared with prevalent insomnia, incident insomnia is characterized by both a higher remission rate and a higher mortality rate. 47 The examination of reverse causality diminished the increased mortality risk of PSQI > 5 insomnia but retained the lower mortality risk for those with 6-month insomnia disorder. This implies that PSQI > 5 insomnia (incident insomnia) might correlate with undiagnosed diseases or conditions that cause death. In contrast, 6-month insomnia disorder (prevalent insomnia) late in life might represent unobserved factors that confer a survival advantage. These factors might have existed early in life and provided protection into old age. 48 In sum, PSQI > 5 insomnia may represent a recent undiagnosed/unfavorable condition, and 6-month insomnia disorder might indicate undetected protective traits for survival. In fact, a few large-scale longitudinal epidemiological studies have associated a lower risk of insomnia symptoms 19, 23, 29 and ben- zodiazepine use 25 with adverse health outcomes. The question of whether survival mortality contributes to these unexpected findings warrants further research.
Use of Hypnotics and Mortality
We observed a consistent, increased mortality risk among frequent hypnotics users, even after controlling for insomnia and depression. This finding addresses the argument about whether mortality associated with use of hypnotics can be attributed to insomnia or depression. 49, 50 Specifically, frequent use of hypnotics predicted a higher risk of death from pulmonary diseases. Numerous pulmonary diseases-such as chronic obstructive pulmonary disease, accumulated bronchial secretions, nocturnal bronchospasm, sleep-related laryngospasm, and rhinitis/sinusitis-and their treatment agents affect sleep quality in older adults. 51 Because the present study was not able to control for all the confounding effects relating to pulmonary comorbidities, the mortality risk from use of hypnotics may be overestimated. However, data from the 2003 National Sleep Foundation's annual Sleep in America poll demonstrated that sleep disturbances in lung diseases mainly manifest as a shorter total sleep time, pauses in breathing, and lack of refreshment from sleep upon awakening. 52 In contrast with the present study, the covariates of total sleep time, excessive daytime sleepiness, and snoring have been forced into the previous regression models. Therefore, the confounding effects of pulmonary comorbidities have been (at least partly) removed in this study.
It remains unclear what mechanisms underlie the links between use of hypnotics and increased overall mortality risk, and mortality from pulmonary diseases. The adverse respiratory effects of sedatives/hypnotics have been considered as a potential cause of complications. Some classes of hypnotics-such as benzodiazepines-depress the respiratory system, particularly in patients with chronic obstructive pulmonary disease. [53] [54] [55] [56] In contrast, although newer pyridine derivatives such as zolpidem and zaleplon also have some potential to worsen pulmonary function, they appear less likely to do so. 54 ,57,58,59 Furthermore, Table 5 -Cox regression models for factors predicting all causes of mortality at 9-year follow-up* though limited data are available regarding sedative antidepressants and sedative antipsychotics, they also appear to be welltolerated by the respiratory system. 56 The participants were not asked about the types of sedatives/hypnotics used in the present study, and collapsing all agents into one category could dilute the risks of other agents that may impair respiratory function, which consequently leads to mortality. Therefore, when prescribing sedatives/hypnotics to older adults at increased risk of adverse respiratory effects-such as those with advanced disease and hypercarbia-extra caution is highly required.
Model 1 HR (95% CI)
In the present study, only older adults who frequently used sedatives/hypnotics (≥ 21 days/4 weeks) had a higher all-cause mortality risk than non-users. Because numerous studies have consistently reported the elevated risk of hypnotics use, the absence of increased mortality risk in older adults who used sedatives/hypnotics with a frequency of less than 21 instances in 4 weeks deserves attention. In fact, a comparable number of studies that failed to illustrate the mortality risk of hypnotic use. In these studies, because of limitations related to the probing questions or a relatively small-scale sample size, the frequency of hypnotic exposure was often dichotomized into users vs. non-users or frequent users vs. non-frequent users. 12, [15] [16] [17] 20, [60] [61] [62] [63] On the contrary, in studies that successfully demonstrated a higher mortality risk, the frequency of hypnotics use was usually categorized into various levels to reflect different loadings. Compared with no exposure to hypnotics, a higher-frequency exposure rather than a low-frequency exposure has consistently predicted an elevated mortality risk. 23, 25, 26, 64, 65 Moreover, in a study with a large sample, a dose-response association has been demonstrated in the association between hypnotics use and mortality. 65 Obviously, collapsing the different frequencies of hypnotic exposure altogether may attenuate the genuine risk of hypnotic use, especially in high frequency users.
Sleep Duration and Mortality
A U-shaped association between sleep duration and mortality has been previously documented among older adults 36 ; however, this pattern was not observed in the present study. Confounds related to comorbidity have been proposed to underlie the association between shorter sleep duration and increased mortality risk. Given that our participants were relatively healthy community-dwelling older adults, the confounding effects from comorbidities might be too subtle to detect. Additionally, we found that longer sleep duration predicted higher mortality in the present study, consistent with the findings of a previous study in Taiwan. 38 Some mechanisms that link long sleep duration with increased mortality have been proposed. First, poor sleep quality among those with insomnia might result in a need for prolonged time in bed to restore energy. 36 Although this assumption is consistent with the present study's observation that older adults with subjective poor sleep quality were more likely to sleep longer, the significant predictability of longer sleep duration did not diminish after controlling for the effect of insomnia. In contrast, the subjects with PSQI > 5 and insomnia disorder tended to sleep for shorter (instead of longer) durations. Second, proinflammatory cytokines, such as interleukin (IL)-1 and IL-2, have been shown to promote sleep. 66, 67 Therefore, sleep durations at baseline might have been lengthened as a consequence of inflammatory responses to medical conditions, and these medical conditions may have ultimately played roles in the subjects' deaths. The inflammatory process has been shown to be a key factor in both the pathogenesis and pathophysiology of cancer and cardiovascular disease. 68, 69 This potential role of inflammation was partly supported by our finding that subjects who slept longer tended to die of cardiovascular diseases. Third, increased sleep duration has been found to occur during the last few months of life, and subtle increases in sleep might occur during the last few years before death. 40 However, the analyses of reverse causality in the present study did not fully mitigate the increased mortality risk resulting from long sleep duration. Therefore, our present results seem to provide at least partial support to previous studies examining the role of long sleep duration in mortality.
Limitations
One problem with studies that examine the associations between sleep patterns and adverse outcomes is the difficulty in selecting confounding factors. 27 Regression models that simultaneously include insomnia, sleep duration, and hypnotics as predictors need to account for the statistical collinearity among variables. Introducing collinear variables into a model can nullify certain predictors, mask significant associations, and allow for the emergence of spurious associations. However, the advantage of simultaneously including sleep parameters may outweigh the concern of redundancy between variables. First, in concordance with previous studies, the present study also found that insomnia, sleep duration, and use of hypnotics are not necessarily equal to each other. Second, we can infer the particular roles of parameters that are potentially collinear with parameters of sleep according to established knowledge. The temporal relationships between variables help define the specific roles of covariates. 70 The temporal precedence between certain predictors-such as insomnia and use of hypnotics-is apparent in the present study, but other predictors show no such clear patterns, exemplified by the well-known bidirectional relationship between insomnia and depression. [71] [72] [73] In the analyses of Models I-III shown in Table 5 , the mortality risk associated with PSQI > 5 insomnia vanished after the use of hypnotics and depression were controlled for. Causal step analysis of the mediation effects indicates that depression and the use of hypnotics may either confound (in the case of depression) or totally mediate the relationship between PSQI > 5 insomnia and elevated risk of mortality. 74 This implies that the correlates of PSQI > 5 insomnia (i.e., depression and use of hypnotics), rather than PSQI > 5 insomnia per se, determine the association between PSQI > 5 insomnia and elevated mortality risk. Similarly, depression, use of hypnotics, and total sleep time may also confound or mediate each other's relationships with mortality. The analyses of Models IV and V and the full model shown in Table 5 found significant independent associations between depression, use of hypnotics, and total sleep time with mortality, although the magnitude of these associations decreased slightly. This finding suggests that if mediation effects do exist, the observed elevated mortality risk associated with depression, use of hypnotics, and total sleep time is only partially mediated by other covariates.
We have yet to determine which combination of sleep covariates can justify both the confounding effects and the risk of collinearity. Nonetheless, simultaneous consideration of the effects of several sleep parameters helps provide a comprehensive understanding of the independent and interrelated effects of sleep patterns on mortality. Accordingly, the present study illustrated how frequent use of hypnotics and long sleep time serve as strong risk factors for increased mortality, even though the variety of sleep parameters included in the models may introduce the problem of multicollinearity.
Other limitations of this study include the insufficient amount of information gathered on primary sleep disorders and other comorbidities. Details on the type of, dosage of, and duration of exposure to hypnotics during the follow-up period were also not collected. Further, the validity of comorbidity history is uncertain. First, overlooked medical comorbidities may bias our findings. For example, because the PSQI includes indicators suggesting sleep apnea, the marginally significant elevation in all-cause mortality associated with PSQI > 5 insomnia might be attributable to primary sleep disorders, such as sleep apnea or even periodic limb movement disorder. Besides, the cause-specific mortality analysis indicates that 6-month insomnia disorder predicts a lower mortality risk from neoplasms. Failure to control for history of neoplasms may bias the results toward the null hypothesis. In contrast, frequent use of hypnotics predicts a higher risk for mortality risk from pulmonary diseases. The inability to control for the effects of various pulmonary diseases may overestimate the risks associated with use of hypnotics. Second, the sedatives/hypnotics used as helping sleep aids in Taiwan may comprise not only benzodiazepine/ non-benzodiazepine hypnotics, but also antihistamines, sedative antidepressants, and sedative antipsychotics. Besides, it is unknown whether participants discontinued or commenced taking hypnotics over the follow-up period. Failure to identify the types of sedatives/hypnotics used and the total exposure duration during the study period may also underestimate the impact of hypnotics on mortality. Thirdly, we defined medical illnesses through self-reported diagnoses and associated treatments for the current study. A correlational study in Taiwan found that self-reports regarding medical illness were highly reliable, particularly among those who reported receiving treatment. 75 Thus, the validity of our comorbidity assessment is likely high.
CONCLUSIONS
From a clinical perspective, older adults with recently developed insomnia, long sleep durations, and frequent use of hypnotics warrant more in-depth assessment. Overall, the simultaneous inclusion of insomnia, sleep duration, and use of hypnotics in the model was advantageous. Further classification of insomnia by various definitions should help us identify high-risk groups. Finally, before solving the analytical problem of under-control vs. over-control, it is premature to draw conclusions regarding the specific effects of chronic DSM-IV insomnia disorder on mortality.
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